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GBTUL 2.0 −A New/Improved Version of the GBT-Based Code
for the Buckling Analysis of Cold-Formed Steel Members
Rui Bebiano1, Dinar Camotim1 and Rodrigo Gonçalves2

Abstract
This paper presents the very recent 2.0 release of software GBTUL – a computer code
developed by the authors and made available as freeware at the website of the
Department of Civil Engineering of the Technical University of Lisbon (Bebiano
et al. 2013). The program performs linear buckling and vibration analyses of thin-walled
bars based on Generalized Beam Theory (GBT), a bar theory that accounts for crosssection deformation. Its domain of application is much wider than that of the previous
release (1.0β ): indeed, it is now possible to analyze single or multi-span members (i)
with various support conditions, including those stemming from discrete bracing systems,
(ii) exhibiting open, closed or “mixed” (combining closed cells with open branches)
cross-sections and (iii) acted by fairly arbitrary loadings, including concentrated and/or
distributed transverse loads away from the member shear center axis. The Graphical
User Interface (GUI) of the program is described and its main commands are addressed.
For illustrative purposes, results concerning the buckling analysis of a two-span I-section
beam subjected to mid-span concentrated loads are presented and discussed.

Introduction
It is well-known that, in general, the structural behavior of thin-walled bars is highly
influenced by complex non-linear phenomena involving cross-section deformation. In
the case of cold-formed steel members, the high slenderness of their walls renders them
very susceptible to such phenomena, namely local and/or distortional buckling (e.g.,
Hancock 2007). In recent years, several research works aiming at contributing towards
1
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the development of more efficient (safe and accurate) design rules for this type of
structural elements have been reported, mostly in the U.S.A. and Australia. As a result of
this activity, the Direct Strength Method (DSM – Schafer 2008), specifically devoted
to cold-formed member design, has been included in the specifications of these two
countries (and also of Brazil). The application of DSM requires the knowledge of
member buckling loads and also of the nature of the corresponding buckling modes
(local/distortional/global), a task that requires the use of structural analysis codes based
on either (i) Generalized Beam Theory (GBT − e.g., Camotim et al. 2010a,b), (ii) the
Constrained Finite Strip Method (cFSM – e.g., Li et al. 2014, Li and Schafer 2010a) or
the Shell Finite Element Method (SFEM – e.g., Zienkiewicz and Taylor 2008).
Naturally, the last approach is the most powerful and versatile, but it (i) involves the use
of sophisticated computer programs, (ii) is rather time-consuming and, most of all, (iii)
does not allow for a straightforward identification of the buckling mode nature3. On the
other hand, the only cFSM-based software currently available (CUFSM 4.0, developed at
Johns Hopkins University by Li and Schafer 2010b) – can only be applied to members
acted by uniform internal force/moment diagrams and exhibiting fairly standard
support conditions. Concerning vibration analyses, which are relevant in the context
of serviceability limit state checks, the only options available are the use of GBT or
SFE analyses.
GBT is a thin-walled bar theory that takes into account the various types of cross-section
deformation (local, distortional, shear, transverse extension) and provides an original
modal representation of the member deformed configuration, which is expressed as a
combination of products involving cross-section deformation modes and the respective
longitudinal amplitude functions − in spite of its “SFE-like” capabilities, GBT retains the
simplicity of one-dimensional theories. Following an intense activity on the development
and dissemination of GBT that took place in the last few years, the authors made
available a user-friendly computer code based on this approach, which takes full
advantage of its modal features – the code name is GBTUL (acronym for “GBT at the
University of Lisbon”)4 and its first (and only, up to now) release has been available
online since 2008, as freeware, on the website of the Department of Civil Engineering
of the (former) TULisbon (Bebiano et al. 2008). However, that first version of GBTUL
is only applicable to isolated (single-span) members (i) with open cross-sections (i.e.,
no closed cells allowed), (ii) acted by loadings that may include only a few transverse
loads applied at the shear centre axis and (iii) exhibiting a quite limited number of
support conditions, specified only at the two end sections.
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It should be noted that Casafont et al. (2011) and Nedelcu et al. (2014) have recently reported research
activity on expressing the output of a SFE analysis in modal form.
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This work presents the 2.0 release of program GBTUL (Bebiano et al. 2013) and
illustrates the potential of its application in the fields of buckling and vibration analysis of
thin-walled members5. The code incorporates the latest developments concerning GBT
formulations and applications to thin-walled members (not yet structural systems, such as
trusses or frames, which can also be analyzed with GBT – e.g., Camotim et al. 2010c),
which makes it possible to overcome several of the aforementioned limitations of its
predecessor (version 1.0β ). Among the new capabilities, the following ones should be
highlighted: (i) the systematic and hierarchic determination of the deformation modes
for arbitrary flat-walled cross-sections (i.e., cross-section that may combine closed cells
with open branches), which is done through the implementation of a novel crosssection analysis procedure (Bebiano et al. 2014), (ii) the consideration of a general prebuckling stress distribution, including shear and transverse normal stresses, which play
a key role in accounting for the effect of the point of application of transverse loads
(Basaglia and Camotim 2013), (iii) the consideration of arbitrary support conditions,
including intermediate supports (multi-span beams and bracing systems) and (iv) the
consideration of concentrated or distributed localized masses and/or elastic supports.
Lastly, the quality of the graphical user interface (GUI) was considerably improved,
leading to a much better input/output visualization.

Generalized Beam Theory – Brief Overview
As mentioned above, GBT is a one-dimensional bar theory that expresses/discretizes the
deformed member configuration as a linear combination of cross-section deformation
modes multiplied by their amplitude functions. A very brief overview of GBT is
presented next – more detailed accounts can be found in the literature (e.g., Camotim
et al. 2010a,b). Consider the prismatic thin-walled member with the (supposedly
arbitrary) cross-section depicted in Figure 1, also showing the local coordinate system
adopted in each wall (axes x-s-z). In GBT, the wall mid-plane displacement components
u(x,s), v(x,s) and w(x,s) are given by (see Fig. 1 − s is the section mid-line coordinate)

u ( x , s ) = uk ( s )φk , x ( x )

v ( x , s ) = vk ( s )φ k ( x )

w( x, s ) = wk ( s )φ k ( x )

, (1)

where (i) (.),x ≡d(.)/dx, (ii) the summation convention applies to subscript k, (iii) functions
uk(s), vk(s), wk(s) characterize deformation mode k and (iv) function φk(x)≡φk(X) provides
the variation of its amplitudes along the member length.
The first step of a GBT structural analysis is the determination of the cross-section
deformation modes and associated mechanical properties, which is done through a
systematic procedure termed Cross-Section Analysis (Bebiano et al. 2014). For illustrative
5
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purposes, consider the lipped channel depicted in Figure 1(a) and the nodal discretization6
shown in Figure 1(b). Figure 2 displays the in and/or out-of-plane shapes of the 18
deformation modes obtained: Vlasov (1-8), Shear (9-13) and Transverse Extension (14-18).
X
ds

dx

x(u)
t

s(v)

s

dx
ds
z(w)

(a)

(b)

(c)

Fig. 1: (a) Arbitrary prismatic thin-walled member, local coordinate axes (x-s-z) and displacements
(u, v, w), and illustrative lipped-channel cross-section (b) geometry and (c) GBT discretization

Fig. 2: Lipped channel deformation modes: (a) Vlasov − global (1-4), distortional (5-6) and local (7-8),
(b) Shear − global (9-13) and (c) Transverse Extension − isotropic (14) and deviatoric (15-18) global
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The number, nature and quality of modes obtained depend on this nodal discretization (Bebiano et
al. 2014). While in this illustrative example case only the section natural nodes (4 internal and 2 end nodes)
are considered, an arbitrary number of intermediate nodes (lying within the walls) could also be considered.
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Depending on the particular problem under consideration, the user may select any
sub-set of nd (1≤nd≤Nd) deformation modes to be included in the analysis (and in the
solution). This Modal Selection capability makes it possible to (i) reduce the number of
degrees of freedom involved in solving a problem and (ii) specify the nature of the
deformation pattern(s) to be considered.
After knowing the cross-section deformation modes and modal mechanical properties, it
is possible to carry out the Member Analysis, which provides the solution of the buckling
or vibration eigenvalue problem under consideration: eigenvalues (buckling loads/moments
or squares of natural vibration frequencies) and eigenvectors (buckling/vibration mode
shapes), defined by φk(x) functions. The analysis can be performed either (i) analytically,
for simply supported members under uniform internal force/moment diagrams (φk(x) are
sinusoidal functions), or (ii) or numerically, for any member, through its longitudinal
discretization into GBT-based beam finite elements.
A Modal Solution is thus obtained, as the deformed configuration consists of a sum of
the (more or less relevant) contributions of the nd deformation modes included in the
analysis. A rather simple means of evaluating the participation of a given cross-section
deformation mode i in a member buckling/vibration mode consists of determining its
modal participation factor, defined by

Pi = ∫ φi ( x) dx
L

∑ ∫ φ ( x) dx
nd

k =1 L

k

(2)

and corresponding to the ratio between (i) the total area under the φi(x) plot and
(ii) the sum of areas under the plots of all φk(x) functions (L is the member length).

Program GBTUL 2.0 − Outline
Domain of Application
The code GBTUL (more specifically, its 2.0 release/version) performs elastic buckling
(bifurcation) or vibration analyses of thin-walled members – in the latter case, it is still
possible to consider the geometrically non-linear effect of acting stresses (i.e., perform a
loaded member vibration analysis). The cross-sections can exhibit arbitrary flat-walled
geometries, i.e., they may combine closed cells with open branches. The members are
constituted by linear elastic isotropic or specially orthotropic materials (e.g., pultruded
FRP − fiber-reinforced polymers) − heterogeneous members (e.g., hybrid steel or
composite steel-concrete cross-sections) can also be handled. In order to allow the user
to take full benefit from the GBT modal features, a tool for representing and selecting the
deformation modes is included.
It is possible to model a large variety of member support conditions – in particular, the
user may (i) specify different support conditions for the various deformation modes (e.g.,
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for bending and torsion), (ii) consider both end or intermediate supports (to analyze
multi-span beams) and (iii) include concentrated and/or distributed elastic springs and/or
additional masses at arbitrary mid-surface locations − e.g., the elastic springs may
simulate more or less complex bracing arrangements.
As for the applied loads, concentrated or distributed loads and moments are covered − in
particular, it is possible to consider transverse loads acting away from the member shear
centre axis. These applied loadings may cause arbitrary distributions of (pre-buckling)
membrane stresses – σxx, σss and τxs −, which are accurately calculated by means
of a preliminary GBT first-order analysis. The program includes procedures to facilitate
the input of a few common loadings, namely (i) the member self-weight and (ii) linear
combinations of axial force and bending moments.
The user is able to provide a list of member lengths (L values), so that the code produces
a λb-L (buckling load parameter) or ω-L (natural frequency) curve, as well as the
corresponding Pi vs L modal participation diagrams. The buckling or vibration modes
are represented by means of either (i) 3D deformed configurations of the entire member
or (ii) 2D deformed configurations of any given cross-section – it is always possible (i) to
select the deformation modes employed to obtain the representation (out of the nd modes
included in the analysis) and (ii) to specify the displacement scale. Finally, the code
output data is also saved in formatted .csv (“comma separated values”) files, which are
recognized by most spreadsheet applications (e.g., Microsoft Excel).

Code Structure
The GBTUL code executable program is written in FORTRAN 90 and is linked to a
graphic user interface (GUI) developed in C#, with the 3D representations created in the
Direct3D graphic environment. The GUI involves the sequence of four screens shown in
Figure 3: while the first three deal with data input, the fourth one provides the output.
This sequence is closely related to the performance of a GBT analysis: (i) Screens 1, 2
and 3 concern the inputs associated with the cross-section analysis, deformation mode
selection and member analysis, respectively, and (ii) Screen 4 displays the sought
member buckling or vibration solution.

Comparison with the previous version – GBTUL 1.0β
The 2.0 release/version of program GBTUL intends basically (i) to expand the scope of
application of its predecessor (version 1.0β, released in 2008), by implementing the
most recent developments and advances concerning GBT formulations and applications,
and also (ii) to improve the quality of some features (namely the graphical user interface).
Table 1 shows a comparison between the first and second versions, making it possible to
assess the new developments included in the latter one.
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Fig. 3: Comparison between the GBTUL interface structure and the GBT analysis procedure
Table 1: Comparison between the 1.0β and 2.0 releases/versions of the code GBTUL.
GBTUL 1.0β

GBTUL 2.0

Cross-section geometry

Open

Arbitrary
(open, closed, “mixed”)

Elastic supports and
additional masses

-----

Distributed or concentrated

Finite element mesh

4 “standard” end supports
(S-S, C-F, C-C, C-S)
Uniform

Arbitrary supports
(including intermediate)
Uniform or Non-Uniform

Pre-buckling stresses

σxx and τxs stresses due to

σxx, σss, τxs stresses due to

N, MY, MZ or B

arbitrary loadings

Effect of self-weight

-----

Available

Vibration of loaded
members

-----

Available

Mechanical nature

Vlasov modes

Vlasov, Shear and
Transverse Ext. modes

Deformed configurations

Deformed configurations,
generalized plate strains/
stresses and deformation
energy density

6
Must be provided for
branched sections

12
----(automatically determined)

-----

Available

.txt
(text file)

.csv
(comma separated values)

Deformation
Modes

Loading

Member
modelling

Features

Support conditions

Visualization

Other

Cross-section templates
“Wall order” input
Save/load data
Output files type
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Program GBTUL 2.0 − Detailed Description
The first three screens ask for the data required to perform the desired analysis – button
Next, located at the bottom right corner of each of them, directs the user to the
subsequent screen. In the next subsections, brief descriptions of the main commands
associated with each screen are provided. Moreover, the application of GBTUL to the
buckling analysis of simply supported (end sections locally/globally pinned and free to
warp) steel beams (i) with the “bridge deck type” cross-section shown in Figures 4(a)-(b)
and (ii) under uniform minor-axis bending is illustrated. One presents λb vs. L curves for
the first single half-wave buckling mode and the length range 1≤L≤10m.
[mm]

2000
10

5

1000

5

(b)
(a)
850
Fig. 4: Illustrative “bridge deck type” cross-section: (a) geometry (midline dimensions) and (b) GBT
nodal discretization (squares: natural nodes; circles: intermediate nodes)

Screen 1: Cross-Section Analysis
The first screen, displayed in figure 5, contains (i) several data inputs and (ii) a graphic
representation window with a few associated commands. In the Material Model
field, the member material (or materials) elastic constants are introduced – for
isotropic members (e.g., the beam addressed in the illustrative example), the template
associated with button Isotropic is employed (see Fig. 6(a)) and only the values of E, ν
and ρ are asked (the unit system is arbitrary − in the illustrative example, [kN, m, s] is
adopted). The next two fields ask for the cross-section wall characterization: (i) end
node coordinates, (ii) material, (iii) thickness and (iv) number of intermediate nodes7.
For commonly used cross-section geometries, (e.g., C, U, “Rack”, Z, I, L, RHS, box
girders), pre-defined templates are available to minimize the amount of input data. In the
illustrative example, button Box Girder 1 activates the window shown in Figure 6(b),
which asks for the cross-section dimensions – note that 2 intermediate nodes (Inodes)
are considered in the webs, 1 in each flange and none in the outstand walls.
In the representation window it is possible to visualize the cross-section geometry. Using
the checkboxes bellow, it becomes possible to decide about representing several
7

Unlike in the 1.0β version, the additional “wall order” input is not required.
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Fig. 5: GBTUL 2.0 – general view of Screen 1

(a)

(b)

Fig. 6: GBTUL 2.0 – Screen 1: templates for (a) isotropic material and (b) “C/U” cross-sections

additional features, such as the intermediate nodes or the wall material references
– the representation of the illustrative box-girder cross-section, including the nodal
discretization, is shown in Figure 5.

Screen 2: Deformation Modes
The second screen, depicted in Figure 7, (i) displays the output of the cross-section
analysis and (ii) prompts the user to select the deformation modes to be included in the
subsequent member analysis.
Several useful cross-section geometrical properties, namely the cross-sectional area,
major/minor moments of inertia or warping constant, are given at the bottom left corner.

10

Fig. 7: GBTUL 2.0 – general view of Screen 2.

The representation window, located on the right side, enables the visualization of each
individual cross-section deformation mode − both the in-plane deformed configuration
(in-plane displacements – vk(s) and wk(s)) and warping profile (warping displacements
– uk(s)) are available. This window may also display the associated modal (i) wall/plate
forces and strains, and (ii) deformation energy densities. The nd deformation modes
to be included in the analysis can be selected by either (i) clicking on the radio button
associated with the intended mode families (Conventional Modes8 is selected by
default), or (ii) manually providing the mode selection in the text box available.
Figure 7 shows the box girder torsion mode, together with the location of the crosssection shear center. For this illustrative example, no special input needs to be provided
in this screen, since the analysis will be performed using only the conventional modes.

Screen 3: Member Analysis
In the third screen of GBTUL (see Fig. 8), the user is able (i) to specify the type of
structural analysis to be performed (either buckling, vibration or vibration of loaded
8

“Conventional Modes”: (i) Vlasov modes and, when closed cells exist, (ii) torsion and cell shear flow modes.
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members9), (ii) to choose the type of solution (analytical or numerical) and (ii) to
provide the member length, loading and support conditions. On the left side, there are the
tabs Analytical Solution and Numerical Solution, which indicate that the
equilibrium equation system is to be solved analytically (sinusoidal φk(x) functions)
or numerically (beam finite element longitudinal discretization). Since the illustrative
example corresponds to a simply supported beam under uniform minor-axis bending,
both procedures can be employed. To choose the analytical solution, which is always
computationally more efficient, one assigns (i) the value 1.0 to the minor-axis bending
moment reference value M2 and (ii) null values to all the remaining ones (i.e., N, M1 and
B), as illustrated in Figure 8. Then, it is necessary to introduce (i) the Number of halfwaves (it corresponds the maximum number of longitudinal half-waves exhibited
by the buckling/vibration modes − in the illustrative example, this number is 1) and (ii)
the Number of length segments, an input that is relevant for the graphic representations
in Screen 4 (in the illustrative example, this number is 10). The display screens on
the right side, show 2D and 3D (interactive) views of the entire structural model.

Fig. 8: GBTUL 2.0 – general view of Screen 3
9

A vibration analysis in which the geometrically non-linear effects stemming from the presence of a given
loading are taken into account – the loading magnitude is taken as a ratio (input α) of its critical value.
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Fig. 9: GBTUL 2.0 – Numerical Solution tab

On the other hand, if the option is the numerical solution (Numerical Solution tab,
see Figure 9), the user begins by indicating the Number of Finite Elements – 10 in the
case of the illustrative example (the Mesh Options command allows for the specification
of a non-uniform mesh). Next, the member support conditions can be (i) chosen from
a set of common single, two or three-span options (S-S, C-C, C-F, S-S-S, S-S-S-S, etc.),
or (ii) specified directly for a general support situation. In the illustrative example
(simply supported beam), it suffices to select S-S. By clicking the next button (Define)
it is possible to specify arbitrary elastic supports and additional masses (concentrated
or distributed). Finally, the loading may be specified by means of the following (selfexplanatory) buttons: (i) Axial Force, (ii) End Moments, (iii) Transverse Forces
(the location of the point of application can be specified), (iv) Torsion Moment, (v) Self
Weight (the direction and magnitude of the gravity vector) or (vi) General, where the
user can provide an arbitrary set of acting distributed stresses or concentrated forces.
Finally, the fields Number of Eigenmodes Required and Lengths ask to the user
the specification of (i) the highest order of the buckling or vibration modes sought and (ii)
the lengths of the members to be analyzed. In the illustrative example, it is asked that
3 buckling modes be determined for beams having lengths in the interval 1≤L≤10m – a
set of length values (spaced by 0.5m) within that range is written in the Lengths field.
Alternatively, the Log-uniform button makes it possible to indicate a N-element
length list uniformly spaced in a logarithmic scale.
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Screen 4: Results
The results of the analyses performed are presented graphically in Screen 4, namely (i)
plots of buckling or vibration curves, providing the variation of the buckling load
parameter or natural frequency with the member length L, (ii) modal participation
diagrams, and (iii) 2D or 3D representations of the member buckling or vibration modes
− these data are also recorded in formatted text files, making it possible any further
processing. In the next paragraphs, the aforementioned result outputs are described.
Figure 10 provides a general overview of Screen 4. While the buckling (λb vs. L) or
vibration (ω vs. L) curves are depicted at the upper right side, the modal participation
diagrams (Pi vs. L) are plotted in the bottom right side. On the left side, there are some
commands that make it possible to select options associated with the plots presented.
While the two plots displayed in Figure 10 correspond to the length range indicated,
both (i) the results appearing above the upper plot and (ii) the 2D and 3D deformed
configurations concern the buckling or vibration mode of a beam with a given length L
– the selection of this beam is made through the commands Length and Eigenmode,
located on the screen top left side. The results displayed are the bifurcation parameter

Fig. 10: GBTUL 2.0 – general view of Screen 4
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value Pb (λb) and the most important deformation mode contributions to the buckling
or vibration mode (Pi). On the other hand, the “location” of the specific member under
consideration on the two plots is identified by (i) a small “ball” (on top of the λb vs. L or
ω vs. L curve) and (ii) a vertical line (crossing the modal participation diagram at
the selected L value).
By using the Plot Options, located at the screen bottom left side, it is possible to change
some features concerning the visualization of the two plots, namely (i) the scales of the
axes, which may be either logarithmic (Log), bi-logarithmic (Log-Log) or rectangular,
(ii) the scale limits (Limits), (iii) the number of curves to be represented (one or all)
(Show All Curves), and (iv) the option of showing or hiding the points defining the
buckling/vibration curves (Show Markers).
Finally, the commands pertaining to the 2D or 3D representations are located at
the mid-height on the left side − they concern the specific member under consideration
and are displayed in separate windows when one clicks on buttons 2D Plot or 3D Plot.
In the 2D configurations, illustrated in Figures 11(a)-(c)), it is necessary (i) to use the
command Cross-Section, in order to select the sought cross-section (i.e., its x coordinate
value)10, and (ii) select either In-plane or Warping displacements. As for the 3D plot,

(a)

(b)

(c)

Fig. 11: GBTUL 2.0 – Screen 4: 2D plots of the L= 6.0m beam mid-span cross-section buckled in
the (a) critical, (b) second and (c) third single half-wave buckling modes (in-plane displacements)

(a)

(b)

Fig. 12: GBTUL 2.0 – Screen 4: 3D plots of the L=6.0m beam (a) critical single half-wave
buckling mode and (b) pre-buckling σxx stress distribution spectrum (M2 =1)
10

The cross-sections than can be represented are defined by the command Number of Length Segments on
Screen 3 – in the illustrative example, the specification of 10 intervals implies 11 cross-sections available.
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it may represent either (i) the deformed configuration corresponding the member
buckling or vibration mode shape, as illustrated in Figure 12(a), or (ii) the member
pre-buckling stress distributions (σxx, σss, τxs), visualized by means of a “red-to-blue
spectrum”, as illustrated in Figure 12(b). In either case (2D or 3D), the user may still
specify (i) the subset of the deformation modes included in the analysis (selected in
Screen 2) on which the representation is based, and also (ii) a displacement scale factor.
With respect to the illustrative example, Figure 10 displays (i) the λb vs. L curves
corresponding to the three first single half-wave buckling modes and (ii) the Pi vs. L
modal participation diagram associated with the first mode. Figures 11 and 12 concern the
L=6.0m beam, for which λb≡Mb=4553kNm: (i) Figures 11(a)-(c) depict the mid-span
cross-section (x/L=0.5) in-plane displacements associated with the first three single halfwave buckling modes and (ii) Figures 12(a)-(b) show the 3D representations of the first
buckling mode shape and the pre-buckling σxx stress distribution, respectively.

Capabilities of Program GBTUL 2.0: Buckling of Two-Span Beam
The future capabilities of GBTUL 2.0 are now illustrated by means of a more complex
problem: the buckling behaviour of a symmetric two-span I-section beam acted by
transverse point loads not applied at the shear centre – this problem was recently solved
by Basaglia and Camotim (2013) using a GBT formulation similar to that implemented
in GBTUL 2.0. The beam (i) has the cross-section geometry shown in Figure 13(a), (ii)
comprises two equal continuous spans of L=2.0m, (iii) is locally/globally pinned (and
free to warp) at the end sections and has the in-plane displacements restrained at the
intermediate support, and (iv) is acted by two identical transverse point loads applied at
either the top (Pup) or bottom (Pdown) flange-web corner, as depicted in Figure 13(b).
Such a problem falls under the scope of GBTUL 2.0 – in Screen 3, the analysis would
involve the (i) the activation of the Numerical Solution tab, (ii) selection of the “S-S-S”
support condition and (iii) introduction of the point loads, by means of the General

(a)

(b)

Fig. 13: Two-span I-section beam: (a) cross-section geometry (midline dimensions) and
(b) loading and support conditions
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loading button11. Note that, as already mentioned in footnote 5, GBTUL 2.0 has not yet
been implemented to its full capacity and, therefore, this problem cannot be solved at the
moment. Nevertheless, such full implementation should be completed within the
next few months, certainly before this conference takes place (November 2014).
This loading causes three pre-buckling membrane stress distributions (σxx, σss and τxs),
which must determined through a preliminary 1st order analysis (Basaglia and Camotim,
2013). Figures 14(a)-(b) depict the transverse normal stress distributions (σss) obtained
for the I-section beam with GBT and an ANSYS SFEA – a fairly good agreement
can be observed between the two sets of results.
The critical load values obtained were (i) Pup.cr=250.96kN and (ii) Pdown.cr=644.37kN,
extending to local/distortional buckling the validity of the well-known fact, in the
context of global (lateral-torsional) buckling that the I-section beam buckling capacity is
higher when the loads are applied on the bottom flange. Finally, Figures 15(a)-(b)
display the buckling mode shapes of the beam under the action of the 2 loadings.

(a)

(b)

Fig. 14: Pre-buckling transverse normal stress distributions (σss) – loads acting on (a) top
and (b) bottom flange.
11

By using the Transverse Loads button, it is possible to specify only a single transverse point load,
while the current problem involves two loads.
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(a)
(b)
Fig. 15: Buckling mode representation: Loads acting (a) on the top flange
(Pup.cr = 250.96 kN ) and (b) on the bottom flange (Pdown.cr = 644.37 kN ).

Their observation shows that the instability is triggered by different regions of the
beam: (i) the web in the vicinity of the loaded cross-sections, for the beam loaded at
the top flange, and (ii) the web and (compressed) bottom flange in the vicinity of
the intermediate support, for the beam loaded at the bottom flange.

Conclusion
This paper provided a presentation of the code GBTUL 2.0, which is based on Generalized
Beam Theory (GBT) and performs buckling or vibration analyses of prismatic thinwalled members. This second release extends the domain of application of the first
one (GBTUL 1.0β), as it implements the most recent and rather important developments
concerning GBT formulations and applications. In particular, the novel features make it
possible to analyze members (i) having flat-walled cross-sections with arbitrary shapes
(open, closed or “mixed” − combining closed cells with open branches), (ii) subjected to
arbitrary loadings, including distributed/concentrated loads that may cause various prebuckling stress distributions, and (iii) exhibiting a wide variety of support conditions,
including intermediate supports and localized restraints that simulate various bracing
arrangements. Moreover, several aspects concerning the code user-friendliness and
input/output capabilities (Graphical User Interface) have been considerably improved in
this GBTUL second version. Finally, in order to show the code capabilities/potential,
two illustrative examples were briefly presented and discussed.
Finally, the GBTUL 2.0 code, together with the corresponding user manuals and
illustrative examples, are available, as freeware, on the website of the Department of
Civil Engineering of the Technical University of Lisbon12, which can be accessed
through http://www.civil.ist.utl.pt/gbt/.
12

The Technical University of Lisbon has recently merged with the University of Lisbon, under the common
designation “University of Lisbon”. In the future, the website address will reflect this change.
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